Interfacial deboding may be one of the main damage modes, and largely influence the mechanical performance of the composites. Developing a simple method for accurately predicting the effect of this damage is in keen demand in the domains of both science and engineering. To realize this objective, quantitative characterization of the relationship between the effective material properties and the damage degree should be a prerequisite. Zhao et al. [1] proposed a fictitious inclusion method, and used the volume of the inclusion directly beneath the interfacial cracks as a measure of damage degree. However, the final prediction by this definition made a large difference against the corresponding FE results. Liu et al.
METHODS
Particles with elastic stiffness C p are randomly located in the matrix with stiffness C m . The terms for particle, matrix and PRC are represented by symbols with the subscripts 'p', 'm' and an upper bar, respectively. Additionally, tensors and vectors are denoted by bold face letters. Based on Kachanov's concept of effective stress [9] , Chow and Wang [10] proposed a damage effect tensor M(d i ) to account for the reduction of elastic stiffness of materials at three principal directions, here d 1 , d 2 and d 3 are the damage variables at three principal axes. Defining the effective compliance tensor D p as
For a particle with partially-debonding damage happens along the interface on the top and bottom direction as shown in Fig. 1 
Here, α and θ are particle aspect ratio and debonding angle, respectively. 
Here, I is the four-ordered unit identity tensor. S is Eshelby's tensor [11] , K p are two fourthorder mismatch tensors, which are defined by K p =(C p -C m ) -1 ·C m , and f p is particle volume fraction. As a special case, spherical particles are regularly distributed in the PRC, and then strain concentration tensor T p is expressed by
For the BCC PRC, the tensor Γ BCC is,
where, H is a specified matrix and can be referred the previous work [8] .
Only 1/4 of the axi-symmetric model is used to study the stress field under the vertical tension. Main attention is placed on the changing of the stress field in and around the debonded particle. According to this demand, the dimensions of a representative volume element must satisfy the following conditions, A>20a and B>20b, so that the stress distribution in the outside part could not be perturbed. The debonding interface is modeled by double-node technique, and the degrees of freedom along the bonded interface of particle and matrix are in strict accordance. Firstly, a target zone is selected. Secondly, the stress values of all the integral points over this zone are outputted in order of element number. Thirdly, the element volume is also outputted in the same order of element number. Finally, the data process is performed in some professional software, such as Microsoft Excel and Origin. becomes large, and later turns to small again. In the range of 0 0~5 0 0 , the value of d 1 is very small, and then increase greatly. As can be clearly seen, large divergence among them is found. Fig. 3(a) shows the comparison of normalized Young's modulus predicted by the present predictions, Zhao, Liu's models and FEM. Here, the effective Young's modulus is normalized by that of PRC without damage. Material properties used here are E p =70GPa, E m =2GPa, ν p =0.22, ν m =0.37 [3] . The present model well predicts the response of the modulus and Poisson's ratio to the damage degree, and the predictions by Zhao and Liu largely divert from FE results. Fig. 3(b) shows the comparison between the present method and FE results for BCC PRC with different f p . All the predictions are in good agreement with FE results. As expected, the stress in the intact particle is uniform. The maximum tensile stress in the matrix happens near the pole of the particle. For the debonded particle, the stress is released to zero around the debonding interface, and becomes nonuniform. Stress concentration appears at the tip of the debonding interface. The stress distributions of along the z-axis and r-axis are illustrated in Fig. 5 . In Fig. 5(a) , σ z gradually decreases with increasing the debonding angle, but it does not equal to zero. The highest stress all happens at the pole of the particle regardless of the debonding angle. In Fig. 5(b) , since the particle and matrix is completely separated in the debonding region, σ z is released to zero at the pole of the particle. σ z also gradually decreases with increasing the debonding angle. The stress distributions in and around a particle become more complex by the occurrence of the debonding damage, but still maintains a part of load carrying capacity. Fig. 6 shows the dependence of σ p on the debonding angle for different E p /E m . The effect of Poisson's ratio is also studied, and ν p =0.2, and 0.15 are adopted. The final results show that it does not influence on the particle average stress. 
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